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ABSTRACT
Background

Vaccination is recognized as the only practical measure for preventing Japanese encephalitis. Production shortage, costs, and issues of
licensure impair vaccination programmes in many affected countries. Concerns over vaccine effectiveness and safety also have a negative
impact on acceptance and uptake.

Objectives
To evaluate vaccines for preventing Japanese encephalitis in terms of effectiveness, adverse events, and immunogenicity.
Search methods

In March 2007, we searched the Cochrane Infectious Diseases Group Specialized Register, CENTRAL (7he Cochrane Library 2007,
Issue 1), MEDLINE, EMBASE, LILACS, BIOSIS, and reference lists. We also attempted to contact corresponding authors and vaccine
companies.

Selection criteria

Randomized controlled trials (RCTs), including cluster-RCTs, comparing Japanese encephalitis vaccines with placebo (inert agent or
unrelated vaccine), no intervention, or alternative Japanese encephalitis vaccine.

Data collection and analysis

Authors independently extracted data and assessed methodological quality. Dichotomous data were compared with risk ratios and a
95% confidence interval (CI), and converted into percentage vaccine efficacy.

Main results

Eight RCTs involving 358,750 participants were included. These trials investigated two available and three pre-licensure vaccines.
Two RCTs assessing efficacy of the commercially available inactivated Nakayama vaccine were identified. A two-dose schedule of the
licensed vaccine provided significant protection of 95% (95% CI 10% to 100%) for one year only, while two doses of an unpurified
precursor vaccine protected children by 81% (95% CI 45% to 94%) in year one and by 59% (95% CI 2% to 83%) in year two. Serious
adverse events were not observed. Mild and moderate episodes of injection site soreness, fever, headache, and nausea were reported in
less than 6% of children receiving inactivated vaccine compared to 0.6% of unvaccinated controls. One cluster-RCT compared the
live-attenuated SA14-14-2 vaccine (widely used in China) with no intervention measuring adverse events. Fever was reported in 2.7%
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of vaccinees compared to 3.1% of controls, while 0.1% of both groups suffered diarrhoea or seizures. Four small pre-licensure RCTs
assessing a genetically engineered vaccine and two cell culture-derived inactivated vaccines revealed high immunogenicity and relative

safety.
Authors’ conclusions

Only one of the three currently used vaccines has been assessed for efficacy in a RCT. Other RCTs have assessed their safety, however,
and they appear to cause only occasional mild or moderate adverse events. Further trials of effectiveness and safety are needed for
the currently used vaccines, especially concerning dose levels and schedules. Trials investigating several new vaccines are planned or in
progress.

PLAIN LANGUAGE SUMMARY

Two doses of an inactivated vaccine can help prevent Japanese encephalitis disease for at least one year; however, comparisons
with other widely used vaccines are not available

Japanese encephalitis is a viral disease of the central nervous system with general symptoms of headache, fever, vomiting, and diarrhoea.
Most people recover within a week without further complications, but approximately 1 in 300 suffers additional and severe symptoms
such as disorientation, seizures, paralysis, and coma. Around thirty per cent of the severe cases are fatal and most survivors are left with
serious and often chronic disabilities such as mental impairment, limb paralysis, and blindness. In this review of randomized controlled
trials, a commercially available inactivated vaccine given in two doses was shown to provide disease protection for at least one year
after vaccination, but with some adverse events. Disease protection by two vaccines, widely used in China but presently commercially
unavailable, has not been investigated in randomized controlled trials. Further research is needed on all currently used as well as newly

developed vaccines.

BACKGROUND

Japanese encephalitis is a disease of the central nervous system
caused by the Japanese encephalitis virus. This virus is a member of
the Flavivirus genus in the Flaviviridae family, which includes sev-
eral other important human pathogens such as yellow fever virus,
West Nile virus, and the dengue viruses. Like most flaviviruses,
Japanese encephalitis virus is transmitted by mosquitoes. The main
vectors are mosquitoes of the genus Culex, in particular those of
the C. vishnui subgroup (Anonymous 2000; Endy 2002). These
Culex mosquitoes persist in temperate and tropical climate zones
where they breed in stagnant or slow running vegetated waters.
Their abundance throughout rural areas of the Asian continent
is often linked to irrigation and rice cultivation practices (Lacey
1990; Takagi 1997; Sunish 2001). The Japanese encephalitis virus
is transmitted between a wide range of vertebrate hosts including
birds and mammals. Domestic animals, especially pigs, are gen-
erally implicated as reservoirs of the virus in terms of human in-
fections (Reuben 1992; Peiris 1993; Anonymous 2000). Humans
are not part of the natural transmission cycle, hence cannot pass
the virus to other hosts (Endy 2002). The significance of livestock
as reservoir hosts and the character of the vector habitats explain

why Japanese encephalitis occurs almost exclusively in rural areas.

Japanese encephalitis is a considerable public health problem in
most Asian regions but particularly in East, South, and South-
East Asia (Tsai 2000). Reduction or successful control of Japanese
encephalitis has been reported from countries such as Japan, Thai-
land, and the Republic of Korea. This achievement has been at-
tributed to vaccination and vector control programmes as well as
changes in agricultural practices and general socioeconomic im-
provements (Endy 2002; Igarashi 2002; WHO 2003). However,
in several other countries transmission is reported to be intensify-
ing (Matsunaga 1999; Wu 1999; Sohn 2000; Tsai 2000). Contin-
ued expansion of the geographic range is also observed. Notably,
the Japanese encephalitis virus was introduced into mainland Aus-
tralia as recently as 1998 (Hanna 1999). The epidemiology of
Japanese encephalitis varies between different regions. The disease
incidence is mainly influenced by vector abundance, which again
is determined by several factors including temperature, rainfall,
and agricultural practices (Khan 1996; Sunish 2001). Transmis-
sion is generally epidemic during the summer months in temper-
ate climates, whereas most subtropical and tropical zones main-
tain endemic transmission (Vaughn 1992). Approximately 50,000

Vaccines for preventing Japanese encephalitis (Review)

2

Copyright © 2019 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.



cases of Japanese encephalitis are reported each year, yet the true
incidence is suspected to be significantly higher as many countries
lack adequate disease surveillance and reporting systems (WHO
1998; Tsai 2000). People of all ages are susceptible to Japanese en-
cephalitis virus infection, yet most cases are observed for children
under the age of 15 years (WHO 1998). Presumably, most adults
living in endemic areas have acquired immunity from previous
exposure to the Japanese encephalitis virus (Vaughn 1992). Lack
of pre-existing immunity explains why both children and adults
are affected on entering endemic areas (eg as tourists) or when
the virus first spreads into new regions. More than three thousand
million people are currently living in areas affected by Japanese
encephalitis; of those, one thousand million children are consid-
ered at risk (Kurane 2000; Tsai 2000).

Few infections by the Japanese encephalitis virus cause overt clin-
ical disease in humans. It is estimated that on average 1 in 300
infections are symptomatic (Gajanana 1995; WHO 2003). Most
people suffer a relatively mild non-specific febrile illness, follow-
ing 5 to 15 days of incubation. Apart from fever, common man-
ifestations may include headache, runny nose, vomiting, and di-
arrhoea (Solomon 2002). Recovery in these cases occurs after one
to six days and is generally uneventful (Gajanana 1995; Solomon
2000). Overt Japanese encephalitis, due to infection of the central
nervous system, may become evident after a few days of febrile
illness, as patients display confusion and reduced levels of con-
sciousness. Severe disease progression is rapid and involves fre-
quent episodes of seizure (especially in children) as well as paralysis
and coma (Solomon 2002). Although severe Japanese encephalitis
is relatively rare, reported mortality rates may be as high as 30%
(Kumar 1993; Schneider 1974; Tsai 1994). Treatment of severe
Japanese encephalitis is limited to intensive supportive care and
fails to prevent subsequent disability in almost half of the sur-
vivors. Disabling deficits can be subtle and may resolve or dimin-
ish over time, but severe and permanent sequelae are commonly
reported. These include various psychiatric and neurological con-
ditions such as behavioural disorders, cognitive and language im-
pairments, psychomotor deficits, limb paralysis, convulsions, and
blindness (Schneider 1974; Kumar 1993; Huy 1994; Solomon
2002). Laboratory confirmation of Japanese encephalitis virus in-
fection is required because it may be clinically confused with sev-
eral other febrile diseases and other viral acute encephalitis as well
as bacterial meningitis (Tsai 1994). Diagnostic tests include virus
isolation from the central spinal fluid, virus isolation from brain
tissue (post mortem), and detection of Japanese encephalitis anti-

bodies in the blood or central spinal fluid.

Reduction of the disease burden caused by Japanese encephalitis
is restricted by the lack of therapeutic treatment, the impractical-
ity of animal immunization, and the absence of efficient vector
control methods (IOM 1986; Hoke 1992; Igarashi 2002). As a
consequence, human vaccination is considered the primary long-
term measure for preventing Japanese encephalitis (Tsai 2000).

Different types of Japanese encephalitis vaccines have been devel-
oped and are currently produced in several countries. To date only
one of the vaccines (inactivated mouse brain-derived Nakayama
strain) has obtained wider international licensure and commercial
distribution. Japanese encephalitis vaccines are generally employed
in national programmes for childhood vaccination or as vaccines
for travellers visiting endemic areas (Barrett 1997; WHO 1998;
Monath 2002a). However, many affected countries fail to main-
tain sufficient vaccine coverage or lack national vaccine policies.
The absence of reliable surveillance data, difficulties of vaccine
production, and shortage and high costs of the commercial vaccine
are thought to restrict the implementation of vaccine programmes,
especially in low-income countries (WHO 1998; Monath 2002a).
A number of recent reports on systemic and neurological adverse
effects have also raised concerns over the safety of the commercially
available vaccine (CDC 1993; Nothdurft 1996; Plesner 1996;
Takahashi 2000; Shlim 2002; Okabe 2005). The risk of adverse
events is particularly discouraging in countries where transmis-
sion rates are considered to be low or for travellers for whom the
risk of disease exposure may be very limited. Efforts to develop
alternative Japanese encephalitis vaccines are ongoing and include
both conventional and genetically engineered vaccines (Chambers
1997; Barrett 2001; Srivastava 2001; Monath 2002a). The cur-
rently used vaccines and vaccine candidates identified by this re-
view are detailed in Appendix 1 and described below.

Vaccines in current use

Inactivated vaccine (mouse brain-derived Nakayama
or Beijing-1 strain)

A mouse brain-derived vaccine based on the Nakayama or Bei-
jing-1 strain was originally developed in Japan. It has since been
adapted for national production in a number of countries includ-
ing Taiwan, India, Russia, The Republic of Korea, The Demo-
cratic People’s Republic of Korea, Thailand, China, and Vietnam.
Vaccination schedules in terms of dose volume and allotments,
booster regimens, vaccination age, and coverage rate are deter-
mined nationally and vary considerably among different countries
(Barrett 1997; Tsai 2000). The Nakayama vaccine is presently the
only commercially available vaccine with wider international dis-
tribution (WHO 2003). However, the major manufacturers have
recently stopped the production of this vaccine in expectation of
new cell-derived formulae (PATH 2006a).

Live-attenuated vaccine (SA4-14-2 strain)

The attenuated vaccine clone, SA14-14-2, was generated by serial
passage of the SA14 strain in primary hamster kidney cell cultures.
It has been licensed in China since 1988 where currently it is ad-
ministered to more than 20 million children each year. The vaccine
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regimen dictates one dose at age one year with subsequent boosters
atages two and six years (WHO 1998; Tsai 2000; Monath 2002a).
The license to manufacture and distribute the SA14-14-2 vaccine
was obtained from the Chinese Government in the mid-1990s
by a commercial company in the Republic of Korea. The vaccine
has recently been approved in this country as well as in Nepal,
Sri Lanka, and India (PATH 2006b). The live-attenuated vaccine
currently constitutes more than 50% of the global production of
all Japanese encephalitis vaccines (WHO 2005a). Vaccine produc-
tion and control standards have been upgraded in order to acquire
wider international licensure (Glovax 2005; WHO 2005a). Fur-
ther efficacy and safety studies are also planned (WHO 2005a).

Inactivated vaccine (Beijing-3 strain)

A cell culture-derived vaccine based on the Beijing-3 strain (P-3)
was developed in primary hamster kidney cells in China in 1968.
Although widely used in China and relatively inexpensive, this
vaccine is being gradually replaced by the live-attenuated SA14-14-
2 vaccine that requires fewer doses (Barrett 1997; Monath 2002a).

Vaccine candidates

Inactivated vaccine (Vero cell-derived Beijing-1 strain)

A vaccine candidate based on the Beijing-1 strain derived from
Vero cell cultures is currently under late-stage clinical assessment

(WHO 2005b).

Inactivated vaccine (Vero cell SA14-14-2 strain)

A vaccine candidate derived from Vero cell cultures using the at-
tenuated SA14-14-2 strain has been investigated in early clinical

trials. Late-stage assessment and initial manufacturing procedures
were initiated in 2006 (Chang 2004; WHO 2005b).

Genetically engineered vaccine (SA14-14-2 and YF
17D chimera)

A genetically engineered vaccine that combines the attenuated
SA14-14-2 strain and yellow fever vaccine strain 17D (YF 17D)
has been tested in several clinical trials and is under continued
assessment (Acambis 2007b).

Genetically engineered vaccine (Nakayama and
poxvirus recombinant)

Two recombinant vaccines using the Nakayama strain with
poxvirus vectors (vaccinia and canarypox viruses) have been tested
in an early trial. Development of both candidates was discontin-
ued following the initial assessment of safety and immunogenicity

(Tsai 1994).

OBJECTIVES

To evaluate vaccines for preventing Japanese encephalitis in terms
of effectiveness, adverse events, and immunogenicity.

METHODS

Criteria for considering studies for this review

Types of studies
Randomized controlled trials (RCTs), including cluster-RCTs.

Types of participants
People of all ages.

Types of interventions

Intervention

Japanese encephalitis vaccine (live-attenuated, inactivated, sub-
unit, or genetically engineered vaccine) administered by any route
and in any dose.

Control

Placebo (inert agent or unrelated vaccine), no intervention, or
alternative Japanese encephalitis vaccine.

Types of outcome measures

Effectiveness

® Primary: Laboratory-confirmed Japanese encephalitis virus
infections (clinical and asymptomatic) during the follow-up
period as detailed by trial authors.

o Secondary: Severe Japanese encephalitis (including
confusion, reduced level of consciousness, seizures, paralysis and
coma followed by death, partial or full recovery) confirmed by
standard laboratory tests.

Immunogenicity

Immunological endpoints (as detailed by trial authors) presented
in the form of seroconversion rates.
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Adverse events

Any adverse event; where detailed, we categorized events as seri-
ous (fatal, life threatening, or required hospitalization), moderate
(caused systemic effects), or mild (caused local effects).

Search methods for identification of studies

We attempted to identify all relevant trials regardless of language
or publication status (published, unpublished, in press, and in
progress).

Databases

We searched the following databases using the search terms and
strategy described in Appendix 2: Cochrane Infectious Diseases
Group Specialized Register (March 2007); Cochrane Central Reg-
ister of Controlled Trials (CENTRAL), published in 7he Cochrane
Library (2007, Issue 1); MEDLINE (1966 to March 2007); EM-
BASE (1974 to March 2007); LILACS (1982 to March 2007);
and BIOSIS (1985 to March 2007).

Organizations

We contacted the U.S. Army Medical Component, Armed Forces
Research Institute of Medical Sciences (Dr Hoke) in October 2000
and the Chengdu Institute of Biological Products (Dr Lifeng) in
February 2005.

Reference lists

We also checked the reference lists of all studies identified by the
above methods.

Data collection and analysis

Selection of studies

KLS and MS screened the titles and abstracts of all potentially
relevant trials identified by the search strategy. The correspond-
ing full articles were retrieved, and we independently assessed the
studies for inclusion using a standard eligibility form based on
the inclusion criteria. We also scrutinized papers for evidence of
duplicate reporting of the same trial data. We resolved differences
in opinion through discussion and described the excluded studies
in the *Characteristics of excluded studies’.

Data extraction and management

All three authors independently extracted the outcome data and
details of trial characteristics into a standard extraction form for
each trial. The corresponding publication author was contacted in
asingle case of unclear or missing data. We resolved any differences
through discussion.

We aimed to extract data in order to carry out a complete-case anal-
ysis; however, we used the number randomized when the number
lost to follow up was not available from the publication. If there
was discrepancy in the number randomized and the numbers anal-
ysed in each treatment group, we calculated the percentage loss to
follow up in each group and reported this information.

For trials that randomized individuals (individual-RCTs), we
recorded dichotomous outcomes as the number of participants
experiencing the given event and the number analysed in each
trial group. For trials randomized using clusters (cluster-RCTs),
we recorded the number of clusters. The unit of randomization
and statistical methods used to analyse the trial were documented
along with details describing whether these methods adjusted for
clustering. When trials were randomized by cluster units, we ex-
tracted a cluster-adjusted measure of effect, such as the risk ratio

(RR) and the 95% confidence interval (CI).

Assessment of risk of bias in included studies

KLS and MS independently assessed the methodological quality
using a standard quality assessment form. We classed the gener-
ation of allocation sequence and allocation concealment as ade-
quate, inadequate, or unclear as described in Juni 2001. We also
reported who was blinded in each trial, and classified inclusion of
all randomized participants as adequate if at least 90% of partic-
ipants were followed up to the trial’s completion or inadequate if
less than 90%. We did not contact the authors for trial reports
with unclear description of validity components and resolved dis-
agreements through discussion.

Data synthesis

KLS conducted all analyses using Review Manager 4.2. This review
did not combine any trials in a meta-analysis due to heterogeneity
across the included studies. We stratified the results by vaccine
type (inactivated, live-attenuated, and genetically engineered) and
reported the results in tables.

Dichotomous data from individual-RCTs were compared using
RRs and presented with a 95% CI. The RR of disease prevention
was converted to an estimate of vaccine efficacy using: efficacy =
(1-RR) x 100%. The 95% CI for the vaccine efficacy was obtained
by substituting the upper and lower 95% CI of the RR into the
formula.

We extracted the adjusted RR and 95% CI of adverse events from
one cluster-RCT. The trial authors reported that the data were ad-
justed to account for intra-cluster variation using the CSAMPLE
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component of Epilnfo (version 6.04). We also presented the type
of adverse events and the calculated event rates for each trial.

RESULTS

Description of studies

We retrieved reports of 43 potentially relevant vaccine trials and
included eight RCTs (see *Characteristics of included studies’).
Reasons for study exclusion are detailed in the *Characteristics
of excluded studies’. Five studies are awaiting assessment, either
pending translation or requests for further details (Characteristics
of studies awaiting classification’).

Participants

The eight included trials involved 358,750 participants, mostly
children aged less than 15 years.

Intervention

Three trials tested inactivated mouse brain vaccine — one tested
an unpurified precursor (Hsu 1971), and two trials tested vac-
cines in current use (Hoke 1988; Rojanasuphot 1989). One trial
assessed the live-attenuated vaccine SA14-14-2 (Liu 1997), while
four smaller trials reported preliminary findings for three vaccine
candidates (Monath 2002b; Kuzuhara 2003; Monath 2003; Lyons
2004).

Outcome measures

Only two trials reported the efficacy of the investigated vaccine
in preventing disease, while six trials reported the development of
neutralizing antibodies in response to vaccination (immunogenic-
ity). Each trial reported safety data for the tested vaccine.

Vaccines in current use

Inactivated vaccine (mouse brain-derived Nakayama and/or
Beijing-1 strain)

Hsu 1971: An unpurified precursor to the now commercially avail-
able Nakayama strain vaccine was evaluated in this large trial con-
ducted in northern Taiwan. The study area was recognized as hav-
ing a high incidence of Japanese encephalitis. A total of 265,808
children, between ages three and seven years, were randomly allo-
cated into four groups receiving one or two doses of either vaccine
or placebo (unrelated tetanus toxoid vaccine). The two doses were
administered 7 to 10 days apart. The trial compared the number

of disease cases identified in each group for the duration of two
epidemic seasons (equal to two years). Adverse events were moni-
tored in a subgroup of children up to 48 hours following vaccina-
tion.

Hoke 1988: This trial was conducted in northern Thailand and in-
volved 65,224 children between ages 1 and 14 years. The children
were randomly assigned to three groups receiving placebo (un-
related tetanus toxoid vaccine), monovalent (Nakayama strain),
or bivalent (Nakayama and Beijing-1 strains) vaccines. Two doses
were administered one week apart in each group. The disease in-
cidence was examined for a period comprising two epidemic sea-
sons, while adverse events were monitored for six weeks after vac-
cination in a subgroup of children.

Rojanasuphot 1989: This trial compared the safety and immuno-
genicity of a Nakayama strain vaccine produced in Thailand to that
of the inactivated vaccine produced in Japan (Nakayama as well
as Beijing-1 formula). The study included 1160 children between
ages five and nine years living in an area of central Thailand recog-
nized as having low endemic transmission of Japanese encephalitis
virus. The children were randomized into four groups receiving
one of the three vaccines or no vaccine. Two doses of vaccine were
administered two weeks apart in each of the intervention groups.
Adverse effects were detected during an observation period of one
month, while the mobilization of neutralizing antibodies was eval-
uated at one, six, and 12 months following vaccination.

Live-attenuated vaccine (SA14-14-2 strain)

Liu 1997: The safety of the live-attenuated SA14-14-2 vaccine
produced in China was examined in this cluster-RCT based on
pair-matched health centres. The health centres were located in the
urban capital of a Chinese province. The study included 26,239
children at an average age of 1.9 years scheduled to receive their
first or second dose of vaccine as part of the general vaccination
campaign against Japanese encephalitis. Children attending treat-
ment centres were vaccinated as scheduled, while those assigned
to control centres were withheld from vaccination for one month
to act as unvaccinated controls. The occurrence of mild and mod-
erate adverse events was monitored in a subgroup of children dur-
ing the first seven days, while moderate and serious events were
registered throughout the study period of 30 days for all children.

Vaccine candidates

Genetically engineered vaccine (SA14-14-2 and YF 17D
chimera)

Monath 2002b: This small trial of the ChimeriVax-JE vaccine
candidate was performed in a group of 36 adults aged between 18
and 59 years in the USA. Half of the participants demonstrated
pre-existing antibodies to yellow fever virus. The yellow fever im-
mune and non-immune participants were randomized, separately,
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into groups of three receiving either ChimeriVax-JE (two different
dose levels) or the yellow fever control vaccine (YF 17D). Adverse
events and immunogenicity following a single dose were examined
after 31 days.

Monath 2003: This study was conducted in the USA and included
99 adults between the ages of 18 and 59 years with no history
of previous yellow fever or Japanese encephalitis immunization.
The participants were randomly allocated to nine groups. Five
groups received variable dose levels of ChimeriVax-JE in a two-
dose schedule with a 30-day interval. Sequential administration
of ChimeriVax-JE and YF 17D, or YF 17D then ChimeriVax-JE
was carried out in two groups with a 30-day interval. One group
received an unspecified placebo followed by ChimeriVax-JE at day
30, while the reverse sequence was administered to the final group.
Adverse events and immunogenicity were assessed during the first
week and again on days 14, 21, 44, and 60.

Inactivated vaccine (Vero cell-derived Beijing-1)

Kuzuhara 2003: This trial was conducted in Japan on 60 male
adults aged between 20 and 35 years. None of the participants had
measurable levels of pre-existing antibodies to Japanese encephali-
tis virus. The participants were randomly assigned into two groups
receiving three doses of a Vero cell-derived Beijing-1 vaccine can-
didate or the licensed mouse brain-derived Beijing-1 vaccine. The
sequential doses were administered between one and eight weeks
after the first dose and four and eight weeks after the second dose.
Adverse events were recorded up to three days after each dose,
while immunogenicity was examined up to four weeks after the
last dose.

Inactivated vaccine (Vero cell-derived SA14-14-2 strain)

Lyons 2004: This trial was conducted in the USA and evaluated
the vaccine candidate IC51 (JE-PIV). A total of 94 adults between
ages 18 and 49 years were randomly assigned into four groups.
Three groups received IC51 (JE-PIV) at different dose levels and/
or different time intervals between doses, while a control group
received a mouse brain-derived inactivated vaccine. Adverse events
were recorded during an unspecified period of time, while vaccine
immunogenicity was measured after 24 and 56 days and again
after 12 and 24 months.

Risk of bias in included studies

See Appendix 3for a summary of the assessment and the
Characteristics of included studies’ for details.

Vaccines in current use

Inactivated vaccine (mouse brain-derived Nakayama and/or
Beijing-1 strain)

Hsu 1971: The method used to randomize the participants was
unclear. Assignment into letter-coded groups insured adequate
concealment of participantallocation, while all of those involved in
the trial were blinded to participant assignment (ie the participants
(including parents), vaccine providers, and outcome assessors). It
is unclear if any participants were lost to follow up.

Hoke 1988: Rotational allocation of participants into groups was
considered an inadequate method of randomization given that the
sequence of allocation was determined by the time of participant
presentation. The allocation concealment by use of colour-codes
for the different groups was considered adequate. Blinding was
reported for participants, providers, and outcome assessors; how-
ever, a difference in volume and appearance between vaccine and
placebo prevented complete blinding of the vaccine providers. It
is unclear how many participants may have been lost to follow
up. It should be noted that the trial authors suggested potential
selection bias of participants based on the socioeconomic status of
the trial volunteers.

Rojanasuphot 1989: The methods of randomization and alloca-
tion concealment were unclear for this trial. Due to the study
design (no intervention for controls) neither participants nor
providers could be blinded. It is uncertain whether the outcome
assessors were blinded. Any loss of participants to follow up was

unclear.

Live-attenuated vaccine (SA14-14-2 strain)

Liu 1997: In this cluster-RCT, the allocation of participants was
determined by a draw between pair-matched health centres (to
which participants were pre-assigned). This method of randomiza-
tion was considered adequate, but it is unclear if the trial included
any form of allocation concealment. The outcome assessors were
blinded, while the study design prevented blinding of participants
and providers (absence of intervention in control group). Twenty-
two participants (0.1%) were lost to follow up and excluded by
the trial authors in the final analysis. The overall inclusion of par-
ticipants was considered as adequate given that more than 90% of
all participants were included in the analysis.

Vaccine candidates

Genetically engineered vaccine (SA14-14-2 and YF 17D
chimera)

Monath 2002b: A computer-generated allocation sequence and
coded-group assignment were considered adequate methods for
randomization and allocation concealment. Blinding was re-
ported for participants and all trial personnel (pharmacists, vac-
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cine providers, and outcome assessors). There were no losses to
follow up and all participants were included in the final analysis.
Monath 2003: The methods of randomization and allocation con-
cealment were unclear for this trial. Blinding was reported for the
participants and all study personnel, as in Monath 2002b. A single
participant withdrew from the trial, while all remaining partici-
pants were included in the final analysis.

Inactivated vaccine (Vero cell-derived Beijing-1)

Kuzuhara 2003: All the quality components of this trial were un-
clear, given a lack of reporting, with the exception of participant
inclusion. Two of the randomized participants were reportedly lost
to follow up and were excluded from the final analysis.

Inactivated vaccine (Vero cell-derived SA14-14-2 strain)

Lyons 2004: This was an open-label RCT with no clear descrip-
tion of the randomization method or of efforts made to ensure
concealed assignment. One participant was lost to follow up, but
included in the final analysis.

Effects of interventions

We did not prepare meta-analyses for any of the included trials.
First of all, a combined analysis of the two trials investigating vac-
cine efficacy did not seem appropriate given that one of the trials
assessed a precursor formula rather than a fully purified and pro-
cessed vaccine. Secondly, a meta-analysis of the six trials reporting
vaccine immunogenicity was considered inappropriate due to trial
heterogeneity. The differences between trials included the vaccine
type, type of challenge strains used in neutralization assay (where
reported), length of follow up, and participant pre-exposure to
Japanese encephalitis virus and other flaviviruses (especially yellow
fever virus). Finally, we did not cross-analyse the safety data for
any of the included trials for reasons of heterogeneity (as stated
above) as well as unclear subgroup selection and lack of comparison
to controls in some of the trials (see ’Characteristics of included
studies’ and Appendix 5 for details). We present a narrative sum-
mary of the individual results for each of the investigated outcome
measures — effectiveness, immunogenicity, and safety.

Vaccines in current use

Inactivated mouse brain-derived Nakayama strain versus
placebo (tetanus toxoid vaccine):

A single dose of this precursor vaccine did not confer any statis-
tically significant protection against disease during the two-year
follow-up period (estimated efficacy 51%, 95% CI -95% to 88%;

43,893 participants, Analysis 1.1) Hsu 1971. However, the esti-
mated efficacy of a two-dose schedule was 81% (95% CI 45%
to 94%; 221,915 participants) after the first year of vaccination.
During the second year the efficacy of the same schedule dropped
t0 59% (95% CI 2% to 83%; 221,915 participants), thus the sug-
gested vaccine protection for the entire follow-up period was 71%
(95% CI 44% to 85%; 221,915 participants). The data presented
by trial authors for the second year of the trial represented the
sum of events for participants receiving either one or two doses
of placebo vaccine (ie 20 cases in 131,865 controls). In order to
calculate the risk ratio for one- and two-dose schedules separately,
we assumed the same event rate for the two placebo groups giving:
3 cases in 21,699 participants receiving one dose of placebo and
17 cases in 110,166 participants receiving two doses.

One death among the 21,699 children in the placebo group was
serologically confirmed as Japanese encephalitis, while there were
no deaths related to Japanese encephalitis among the 22,194 vac-
cinees (RR 0.33, 95% CI 0.01 to 8.00). Four other deaths were
recorded in the placebo group; these were clinically diagnosed but
not serologically confirmed as Japanese encephalitis. Deaths were
only reported in the first year of follow up.

Immunogenicity was not reported.

Adverse events were monitored within a subgroup of 1376 children
at 24 and 48 hours after each of two doses of the Nakayama or
placebo vaccine (tetanus toxoid vaccine). No serious adverse events
were reported during the follow-up period (Appendix 5). The most
frequent event was injection site redness and swelling, particularly
after the second dose. This mild event occurred at similar rates for
vaccinees and controls (3.9% versus 3.4%). The rate of moderate
events, namely fever and diarrhoea, was 0.4% for vaccinees and
0.8% for controls.

Inactivated mouse brain-derived Nakayama strain alone and
combined with Beijing-1 strains versus placebo (tetanus
toxoid vaccine):

As shown in Analysis 2.1, two doses of the monovalent Nakayama
vaccine provided an estimated protection of 95% (95% CI 10% to
100%; 43,144 participants) during the first year after vaccination,
but was unable to confer any statistically significant protection
during the second year (estimated efficacy 50%, 95% CI -449%
to 95%; 43,144 participants) Hoke 1988. The bivalent Nakyama
and Beijing-1 vaccine showed an estimated efficacy of 89% (95%
CI 15% to 99%) during the first year. As for the monovalent vac-
cine, the bivalent formula did not confer any statistically signifi-
cant protection during the second year (efficacy 81%, 95% CI -
306% to 99%; 43,596 participants). Both vaccine formulations
presented an efficacy estimate of 91% for the entire follow-up
period (monovalent: 95% CI 30% to 99%, 43,144 participants;
bivalent: 95% CI 31% to 99%, 43,596 participants). Hence, in
this trial setting there was no statistical difference in the disease
protection provided by the monovalent and bivalent formulations
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(see Analysis 3.1).

Japanese encephalitis was confirmed in 13 children, 11 children
from the placebo group and one child from each vaccine group.
One death was reported in the placebo group (n = 21,516), while
no deaths were reported for children receiving either monovalent
(n =21,628) or bivalent (n = 22,080) vaccines (RR 0.33 95% CI
0.01 to 8.14 and RR 0.32 95% CI 0.01 to 7.97, respectively).
Eleven children were examined two to three years after the diag-
nosis of which 10 were reported as suffering considerable impair-
ments. It is unclear if either of the vaccinees were among these 10
cases.

The reported immunogenicity of the two vaccine formulations was
not compared to the placebo group; hence the level of seroconver-
sion attributable to natural infection is unknown. Development
of neutralizing antibodies was tested seven days after the first dose
and 30 days after the second dose. The method of testing was not
detailed nor was the actual number of participants. A four-fold (or
larger) increase in the titre of antibodies to the Nakayama strain
was reported in 96% of the vaccinees with pre-existing antibodies
to Japanese encephalitis (Appendix 4). In comparison, children
without previous exposure were shown to seroconvert in 46% of
the cases following vaccination. The titre of anti-Beijing-1 anti-
bodies increased by four-fold or more in 83% of the seronegative
children receiving monovalent vaccine compared with 85% of the
bivalent vaccinees.

Detection of adverse events, occurring within 30 days of vacci-
nation, was conducted in a subgroup of 1517 children. Serious
adverse events were not observed for any of the children in this
trial (Appendix 5). Fever was the only adverse event for which the
rate was specified as occurring in 2.9% of the monovalent vac-
cine group and 1.7% of the bivalent group against 0.8% of the
placebo group. Events including headache, sore arm, injection site
swelling, and rash were reported to occur in less than 1% of the
cases and at similar rates to those in the placebo group for both
monovalent and bivalent vaccinees; exact details were not provided

(Appendix 5).

Inactivated mouse brain-derived Nakayama strain
(produced in Thailand), Nakayama or Beijing-1 strain
(produced by BIKEN in Japan) versus no intervention:

Vaccine effectiveness was not reported Rojanasuphot 1989.

The rate of seroconversion was reported 1 and 12 months after
vaccination. Neutralizing antibody titres were determined using a
plaque reduction neutralization test in LLC-KK2 cells, with titres
measured at 50% plaque reduction. Titres of 1:10 dilution or above
were considered positive. Seroconversion (using Nakayama as the
challenge strain) was demonstrated after one month in 99.4% of
children receiving the vaccine produced in Thailand (Appendix
4). The Nakayama and Beijing-1 formulations produced in Japan
caused seroconversion in 97% and 79.9% of the vaccinees, re-
spectively, while 2.5% of the unvaccinated controls were shown to

seroconvert. After one year, the seroconversion rates were reported
as 94.3% (Nakayama; Thailand), 78.8% (Nakayamaj; Japan), and
55.2% (Beijing-1; Japan) for the different vaccine groups, and
6.6% for the unvaccinated controls. Using Beijing-1 as the chal-
lenge strain in the neutralization assay, seroconversion was demon-
strated after one month in 94.4% of the children receiving the
Beijing-1 formula as compared to 3.3% of the unvaccinated con-
trols. The conversion rate remained high at 92.2% after one year
as compared to 8.8% in the controls.

Adverse events were monitored for a week after the first dose and
between one and three weeks after the second dose. No serious
events were reported (Appendix 5). In each of the three vaccine
groups, the occurrence of both mild events (arm soreness) and
moderate events (fever, headache, and nausea) was reported at a
higher rate after the first than the second dose (Appendix 5). Arm
soreness was reported at a rate between 1.1% and 2.8% for the
three vaccine groups. Moderate events occurred in approximately
3.5% of vaccinees in both of the two Nakayama groups and in
5.6% of the Beijing-1 vaccinees. Only 0.6% of the controls expe-
rienced moderate events.

Live-attenuated vaccine (SA14-14-2 strain) versus no
intervention:

Effectiveness and immunogenicity were not reported Liu 1997.
A wide range of mild and moderate adverse events was observed
during a 30-day follow-up period within a subgroup of children
receiving the SA14-14-2 vaccine in this cluster-RCT (Appendix
5). Unfortunately, a comparison to unvaccinated controls was not
reported for this subgroup. Comparative data for the entire study
group (using the pooled incidence for first and second dose recip-
ients) were only detailed in terms of fever, diarrhoea, seizures, and
all-cause hospitalization. Fever was the most common event re-
ported for the group of vaccinated (2.7%) as well as unvaccinated
children (3.4%). Although the rate of fever was lower for vaccine
recipients, this was not statistically significant when the data were
adjusted for clustering (adjusted RR 0.79, 95% CI 0.56 to 1.11;
provided in trial report). Seizures and diarrhoea were observed at a
rate of 0.1% for both groups. The rate of all-cause hospital admis-
sions was lower for the group of vaccinated (0.6%) than unvac-
cinated children (0.9%), but not significantly when accounting
for clustering (RR 0.70, 95% CI 0.43 to 1.15; provided in trial
report).

Vaccine candidates

Genetically engineered vaccine (SA14-14-2/YF 17D chimera
(ChimeriVax-JE)) — two doses versus placebo:

Effectiveness was not reported Monath 2002b.
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The rate of seropositive participants was reported at day 31 after
vaccination (Appendix 4). Neutralizing antibody titres were deter-
mined using a plaque reduction neutralization test in LLC-KK2
cells, with titres measured at 50% plaque reduction. Sera were
tested for neutralizing antibodies against the vaccine strain as well
as the three wild-type strains — Beijing-1, P3, and Nakayama. The
trial showed 100% seroconversion to the ChimeriVax-JE vaccine
strain for all participants regardless of dosage (4 or 5 log10 plaque-
forming units (PFU)). Seroconversion to the wild-type strains var-
ied from 25% to 100% depending on dosage and challenge strain.
Controls receiving the YF 17D vaccine developed neutralizing
antibodies to the ChimeriVax-JE virus (41.7%), Beijing-1 strain
(8.3%), and P3 strain (33.3%).

The group receiving the higher of the two vaccine doses experi-
enced fewer total adverse events (10 events) than both the con-
trol (24 events) and lower dose vaccine groups (39 events), with
each group consisting of 12 participants. The rate of mild adverse
events including injection site redness and pain was much lower
for the two vaccine groups combined (16.7%) than for the YF 17D
control group (66.7%) (Appendix 5). The occurrence of moderate
events, however, was higher in the combined vaccine groups than
for the control group in which only headache was reported.

Genetically engineered vaccine (SA14-14-2/YF 17D
chimera (ChimeriVax-JE)) — various dosing regimens
versus placebo:

Effectiveness was not reported Monath 2003.

The rate of seropositive participants was reported at day 30 after
vaccination using a 50% plaque reduction neutralization test in
LLC-KK2 cells (Appendix 4). Sera were tested for neutralizing
antibodies against the vaccine strain as well as the wild-type Bei-
jing-1 and Nakayama strains. The seroconversion rates for each
challenge strain were calculated from the sum of seropositive par-
ticipants receiving graded doses of ChimeriVax-JE between 1.8
and 5.8 log10 PFU (the seroconversion rate was not dose related).
Seroconversion to the ChimeriVax-JE vaccine strain was reported
for 98.9% of participants. Seroconversion to wild-types Beijing-1
and Nakayama was 89.7% and 85.1%, respectively. Neutralizing
antibodies to Beijing-1 was confirmed for one participant (9%)
in both control groups (YF 17D and unspecified placebo), while
seroconversion to ChimeriVax-JE occurred in one person in the
YF 17D control group (9%). Administration of a second dose
(same dose level) at day 30 was reported as having little effect on
seroconversion rates and did not boost the antibody titre.

All groups reported moderate and mild adverse events for as many
as 82% (9/11) to 100% (11/11) of the participants. The rate
of reported events was not significantly different between partic-
ipants receiving ChimeriVax-JE (data pooled for graded doses)
and unspecified placebo control. Comparison of ChimeriVax-JE
to the YF 17D control demonstrated much lower rates of injec-
tion site redness (erythema) for the vaccinees than the controls

(18.2% versus 63.6%) (Appendix 5). Injection site pain was also
markedly lower for ChimeriVax-JE recipients than the YF 17D
controls (12.7% versus 45.5%). Fever was noted in 14.5% of the
ChimeriVax-JE recipients compared to 9.1% of the controls. The
occurrence of other moderate systemic events was comparable to or
lower than those of the YF 17D control group. Notably, headache
was reported for as many as 50.9% of the vaccinees and 54.5% of
the controls. Serious events were not observed during the follow-
up period in any of the trial participants.

Inactivated vaccine (Vero cell-derived Beijing-1)
versus alternative vaccine (inactivated mouse brain-
derived Beijing-1 strain):

Effectiveness was not reported Kuzuhara 2003.

The seroconversion rate was determined using a 50% plaque re-
duction neutralization test in Vero cells with Beijing-1 as the chal-
lenge strain (cut-off titre 1:10). Neutralizing antibodies were mea-
sured after each dose showing similar conversion rates at 96.7%
(candidate) and 92.9% (control) after the first dose, and 100%
conversion for both vaccines after the second and third doses
(Appendix 4).

Low numbers of mild and moderate adverse events were reported
for both groups (Appendix 5). The most common event reported
was local reactions at the injection site observed in 6.7% of the
candidate recipients and 13.3% of the controls.

Inactivated vaccine (Vero cell-derived SA14-14-2
strain) versus alternative vaccine (inactivated
Nakayama vaccine):

Effectiveness was not reported Lyons 2004.

Seroconversion to the IC51 (JE-PIV) vaccine was defined as titres
greater than 1:10 in plaque reduction neutralization test (chal-
lenging strain not specified). The seroconversion rates of three dif-
ferent IC51 (JE-PIV) allotments were determined with 56 days
as the primary endpoint of the trial. Seroconversion was achieved
for 95.5% to 100% of the vaccinees in each dose group, as com-
pared to 73.7% of the controls receiving the commercial inacti-
vated mouse brain-derived vaccine (Appendix 4). After 12 months,
seroconversion rates were reported as 100% for all three vaccine
groups as compared to 54.5% of the controls.

Serious adverse events were not reported for any of the trial partic-
ipants, but mild events (arm soreness, injection site redness, and
swelling) and moderate events (fever, headache, and myalgia) were
reported for all groups at average rates between 4.8% and 83.6%
(Appendix 5). The average rate of each event was calculated for all
vaccinees, given that the three vaccine groups showed little vari-
ance in reported numbers. Injection site redness and swelling were
reported at a higher rate in the Nakayama controls (from 28.6%
to 33.3%) than for the IC51 (JE-PIV) vaccinees (15.1%). How-
ever, injection site soreness occurred in 83.6% of vaccinees com-
pared to 57.1% of controls. Headache was the most frequently
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reported systemic event occurring at a similar rate for both vac-
cinees (54.8%) and controls (57.1%). Rates of myalgia were also
prominent but comparable in both groups (45.2% of vaccinees
versus 42.9% of controls).

DISCUSSION

Overview of outcome measures

Effectiveness

RCTs of actual disease prevention were only identified for the
mouse brain-derived inactivated vaccine (based on Nakayama and/
or Beijing-1 strains). It is important to note that these included
trials investigated vaccine schedules of one or two doses without
subsequent boosters, which differ from the three-dose schedule
recommended by producers. The effects of a three-dose schedule
and various booster regimens as used in different countries today
have not been investigated in RCTs.

Immunogenicity

Because the incidence of symptomatic Japanese encephalitis is rela-
tively low in most endemic areas, it is necessary to enrol large num-
bers of participants to ensure that a statistically significant differ-
ence in disease activity can be detected between the vaccine and the
control groups (power of study). The undertaking of such large-
scale trials is a logistical challenge rendered even more complicated
by the difficulties in identifying and diagnosing the disease. A more
feasible approach used in most new studies is to test the presence
of vaccine-induced neutralizing antibodies (immunogenicity) as a
surrogate measure for vaccine efficacy (Markoff 2000). This ap-
proach allows for smaller trials and for trials to be conducted in
non-endemic settings where natural infection is unlikely. How-
ever, this approach is problematic as currently there is no direct
evidence to support a relationship between immunogenicity and
critical vaccine protection in humans (Markoff 2000). The gener-
ally accepted cut-off titre for positive protection (1:10 dilution of
neutralizing antibodies in a plaque reduction neutralization test)
is based on animal studies rather than clinical evidence in humans.
Furthermore, at present there is no standard protocol to measure
neutralizing antibodies.

As shown in this review, the choice of challenge strain in neutral-
ization assays may affect the measured immunogenicity of a given
vaccine (as may the choice of cell lines and cell substrate). The
issue of possible pre-exposure of trial participants to Japanese en-
cephalitis virus (and other flaviviruses) also needs to be addressed,
as pre-exposure may augment the antibody response to vaccina-
tion and thereby inflate the expectations of vaccine effectiveness in

unexposed people. Finally, it may be erroneous to determine clin-
ical protection based on antibody titres exclusively (particularly
for live vaccines), given that the role of cellular immunity remains
largely undisclosed in Japanese encephalitis. The World Health
Organization has ongoing consultations to establish immunologi-
cal endpoints as correlates for disease protection along with a stan-
dard protocol for the plaque reduction neutralization test to be
used in vaccine trials (Hombach 2005). Although we included
immunological endpoints as an outcome measure in this review
(not stated in the protocol), we await the final recommendations
by the World Health Organization and the supporting evidence
of these before we draw any conclusions as to the effectiveness of
assessed vaccines on the basis of reported immunogenicity data.

Adverse events

All of the Japanese encephalitis vaccines assessed in this review were
associated with mild or moderate adverse events but not with any
serious adverse events. The rates of reported events were generally
higher for vaccines tested in small pre-licensure investigations than
in large trials. This may be due to reporting bias as a result of
differences in trial design and size rather than true differences in
vaccine reactogenicity. Notably, the rate of reported events for the
inactivated mouse brain-derived vaccine (Nakayama strain) was
considerably higher when used as a control in a pre-licensure trial
(Lyons 2004) than when directly assessed in field trials (Hoke
1988; Rojanasuphot 1989).

Vaccines in current use

Inactivated vaccine (mouse brain-derived Nakayama

and Beijing-1 strains)

The currently licensed monovalent Nakayama vaccine and biva-
lent experimental Nakayama and Beijing-1 vaccine were effective
in protecting against Japanese encephalitis, mainly during the first
year, when administered in a two-dose schedule (approximately
one week apart). Disease protection by the licensed Nakayama
vaccine was 95% (10% to 100%) one year after vaccination (Hoke
1988). The persistence of disease prevention beyond two years is
uncertain, but the data do indicate a decline in vaccine effective-
ness over time. Most countries using the inactivated vaccine today
have added annual or tri-annual booster doses to a three-dose vac-
cination schedule. Epidemiological studies in countries with uni-
versal childhood vaccination programmes suggest that protection
by the inactivated vaccine may be lasting under the given regimens
(Wu 1999; Yang 2006). The effect of external factors on vaccine
persistence, particularly boosting through natural exposure, and
possible differences in protection against heterogenic strains is un-
clear.
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The inactivated Nakayama vaccine was shown to be highly im-
munogenic in the Rojanasuphot 1989 trial in which seroconver-
sion rates to the Nakayama strain virus ranged between 97% and
99.4% (depending on production site) as compared to 2.5% in the
unvaccinated controls (one month post-vaccination). The Beijing-
1 formula tested in the same trial was equally immunogenic with
seroconversion rates of 94.4% compared to 3.3% of the controls.
These rates were observed in children reported as having no de-
tectable antibodies before vaccination. Noticeably, children who
were not pre-exposed displayed Nakayama seroconversion rates
of just 46% in the Hoke 1988 trial, while pre-exposed children
converted at rates of 96%. These rates were not compared to that
of the control group, but the data support the suggestion that an
anamnestic response (immunological memory) can augment the
vaccine effect in pre-exposed people. Similarly, a third dose given
one year after vaccination was shown to boost the waning immune
response in a trial conducted in Thailand (Nimmannitya 1995).
This trial did not include a comparison to a control group but
reported seroconversion rates of 100% (one month post-vaccina-
tion) in children receiving a booster dose of either Nakayama or
Beijing-1 inactivated vaccine.

The mouse brain-derived vaccines were not associated with seri-
ous adverse events, while mild and moderate adverse events oc-
curred at low rates. The rates were comparable to those of con-
trols except for moderate events such as fever. It should be noted
that several cases of hypersensitivity reactions have been reported
following administration of the commercial Nakayama vaccine,
mainly among North American, Australian, and European adults
(Andersen 1991; Ruff 1991; Berg 1997; Plesner 1997; Plesner
2000; Takahashi 2000). The reports of allergic reactions, some
of which lead to hospitalization of vaccine recipients, emerged
in the late 1980s. The temporal occurrence of the adverse events
has prompted speculations of batch-related complications. Aller-
gic disposition and potential differences in reactogenicity among
children and adults have also been suggested, yet the phenomenon
remains unexplained. In 2005, the Government of Japan sus-
pended routine vaccination using the mouse brain-derived vac-
cine (WHO 2005a). The suspension was primarily prompted by
the detection of acute disseminated encephalomyelitis following
vaccination (Kurane 2005; Okabe 2005). A causal link has not
been demonstrated between vaccine administration and the case of
acute disseminated encephalomyelitis; however, Japanese author-
ities now recommend limiting vaccination to residents in and vis-
itors to high-risk areas until alternative vaccines have been proven
safe (Kurane 2005; WHO 2005a).

Live-attenuated vaccine (SA14-14-2 strain)

No RCTs of effectiveness were identified for this vaccine, but dis-
ease protection was reported in three smaller case-controlled stud-
ies (Hennessy 1996; Bista 2001; Ohrr 2005). Although case-con-
trolled studies fall outside the inclusion criteria of this review, we

find that the result should be noted given the extensive use of the
SA14-14-2 vaccine in China and its prospective international li-
censure (details of each study are presented in Appendix 6). The
case-control studies suggested that a single dose of SA14-14-2 may
be up to 99% protective for the first year after vaccination. A cau-
tious interpretation of the study results is needed because of the
relatively small size of the studies and the general limitations of
this study design in terms of potential selection and evaluation
bias. However, the findings support epidemiological observations
of significant disease reduction following the launch of vaccina-
tion programmes using the live-attenuated vaccine (Zhou 1999;
Zhou 2001).

The SA14-14-2 vaccine was not associated with any adverse events
when compared to unvaccinated controls in a cluster-RCT (Liu
1997). This safety trial observed a lower rate of fever in the vacci-
nated than unvaccinated participants, in addition to a lower rate
of all-cause hospitalizations. However, the rate of adverse events
was not significantly different between the two groups when the
trial data were adjusted for clustering. Seizures occurred in both
groups at a rate of 0.1%. It was not specified whether the episodes
of seizure were related to Japanese encephalitis virus infection, but
there were no reports of encephalitis or meningitis among any
of the trial participants. Recent media reports of serious events
(including deaths) coinciding with a SA14-14-2 mass vaccination
programme in India should be noted (Chaudhuri 2006). How-
ever, these events and their possible association with the vaccine
have not been confirmed. The occurrence of any adverse events
remains to be reported by the Indian authorities responsible for
monitoring and investigation of the programme (Jacobson 2006).

Inactivated vaccine (Beijing-3 strain)

No RCTs were identified for the inactivated Beijing-3 vaccine.
Case-control data from a single study showed that two doses of
inactivated Beijing-3 vaccine offered 78% protection if followed
by annual boosters (Luo 1994). Evidence of duration and adverse
events has not been reported. The requirement for multiple doses
and the low disease protection, as suggested by this non-random-
ized study, may explain the Chinese decision to replace inactivated
Beijing-3 with the live-attenuated SA14-14-2 in current vaccina-
tion programmes (see Appendix 6 for details).

Vaccine candidates

Genetically engineered vaccine (SA14-14-2/YF 17D
chimera (ChimeriVax-JE))

This vaccine was highly immunogenic after one month with con-
version rates between 85.1% and 98.9% depending on the chal-
lenge strain. Seroconversion was observed for some participants in
the control groups, particularly for those receiving the flavivirus
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YF 17D vaccine (Monath 2002b; Monath 2003). The persistence
of neutralizing antibodies beyond two months was not reported.
The chimera did not provoke any serious adverse events in the pre-
liminary assessment trials. The two trials suggested that the vac-
cine candidate caused lower rates of mild injection site events than
the YF 17D vaccine but as many and as frequent moderate sys-
temic events. The relatively high event rates, such as for headache
(50.9% of vaccinees versus 54.5% of controls), may reflect more
careful reporting in the small studies than in the large field trials
included in this review. Yet, the frequency of adverse events is dis-
concerting.

Inactivated vaccine (Vero cell-derived Beijing-1)

The vaccine candidate displayed a high conversion rate (96.7%)
among recipients within weeks of the first dose and complete
conversion after administration of a second and third dose. The
performance of the vaccine candidate was equal to that of the
mouse brain-derived Beijing-1 vaccine (92.9%) used as the con-
trol (Kuzuhara 2003).

The occurrence of mild and moderate events was limited to injec-
tion site reactions, urticaria, and headache. The spectrum of mild
and moderate adverse events was broader for the control group;
no serious adverse events were observed.

Inactivated vaccine (Vero cell-derived SA14-14-2
strain)

Seroconversion rates for the vaccine candidate ranged between
77.2% (day 28) and 100% (day 365). In comparison, controls
receiving the commercial inactivated Nakayama vaccine (BIKEN)
displayed rates between 84.2% (day 28) and 54.5% (day 365)
(Lyons 2004). Both vaccine types (candidate and control) were
thus shown to be highly immunogenic in people with no pre-
exposure to flaviviruses. The seroconversion rates observed after
one year may indicate a more prolonged persistence for the vaccine
candidate with less need for boosters.

Serious adverse events were not observed following administration
of the inactivated vaccine candidate. The occurrence of systemic
events such as myalgia and headache was high, but similar to that
of the inactivated Nakayama vaccine used as control. Arm soreness
was the only mild event reported at a higher rate in the vaccine
group (83.6%) than for the controls (57.1%). While the high event
rates may reflect more thorough reporting as compared to that of
large field trials, they are none the less disconcerting, especially if
the vaccine is intended for childhood programmes.

AUTHORS’ CONCLUSIONS

Implications for practice

Vaccines in current use

It is not possible to compare the effectiveness of currently used
vaccines in preventing clinical disease as only one of three vaccines
have been directly investigated for effectiveness in a RCT. Avail-
able evidence shows that two doses of the currently used inacti-
vated Nakayama vaccine is over 95% protective for the first year
with subsequent decline in the second year. Protection after two
years has not been investigated. Mild and moderate events such
as arm soreness, fever, and headache occurred in less than 6% of
vaccinees receiving an inactivated vaccine. Safety data for the live-
attenuated SA14-14-2 vaccine show a range of mild and moderate
adverse events of which fever is the most common (less than 3%
of vaccinees) when compared to no intervention.

Vaccine candidates

Large-scale investigations of effectiveness, duration, and safety are
awaited for all vaccine candidates. The recombinant ChimeriVax-
JE vaccine has caused no serious adverse events at the investigated
dose levels in early trials. Mild and moderate adverse events are
frequent but mostly at lower or similar rates to that of control
vaccines. A Vero cell-derived Beijing-1 vaccine has been associ-
ated with a few mild and moderate events but not with serious
episodes. Cell culture-derived inactivated IC51 (JE-PIV) vaccine
was not associated with serious adverse events at the investigated
dose levels, but mild and moderate adverse events were frequent.

Implications for research

Data from RCTs that assess the long-term effectiveness and safety
of currently used and prospective vaccines are needed. The timing
and effects of booster doses should also be analysed in these trials.
Such trials should aim to demonstrate the superior performance
(in terms of effectiveness and safety) of the tested vaccine to that
of approved Japanese encephalitis vaccines. A comparison with
placebo would be unethical in endemic settings given the demon-
strated effectiveness of the current vaccines.

Vaccine immunogenicity may represent an effective surrogate mea-
sure for vaccine protection, but the protective level of neutralizing
antibodies in humans has to be verified in clinical studies. The role
of cellular immunity should also be evaluated as a potential com-
ponent in a surrogate assay of vaccine effectiveness. Once proven,
a standard immunogenicity assay should be developed. Standard-
ized trial formats (eg length of follow-up period) and standard
methods for reporting of outcomes such as disease activity, im-
munogenicity, and adverse events are also recommended for future
trials.
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Finally, differences in strain and genotype cross protection should
be assessed in order to detail expected vaccine effectiveness in var-
ious geographic settings. Potential differences in the type and rate
of outcomes between children and adults should also be investi-
gated.
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CHARACTERISTICS OF STUDIES

Characteristics of included studies [ordered by study ID]

Hoke 1988

Methods

Randomized controlled trial (3 groups)

Generation of allocation sequence: rotational allocation on presentation

Allocation concealment: colour-coded group assignment

Blinding: participants (and parents), vaccine providers (incomplete blinding due to differences in dose volumes), and
clinical assessors

Inclusion of randomized participants in analysis: number lost to follow up not stated

Participants

Number: 65,224 enrolled
Age and gender: 1 to 14 years, both genders
Previous exposure to Japanese encephalitis (JE) or flavivirus: some, but number not reported

Interventions

1. Vaccine: inactivated mouse brain-derived Nakayama strain (BIKEN); 2 x 1.0 mL (0.5 mL < 3 years)

2. Vaccine: inactivated mouse brain-derived Nakayama and Beijing-1 strains (BIKEN); 2 x 1.0 mL (0.5 mL < 3 years)
3. Placebo: tetanus toxoid vaccine; 2 x 0.5 mL

Dose interval: 7 days for each group

Outcomes

1. Clinical cases with laboratory confirmation (follow-up period: 2 years)
2. Immunogenicity (follow-up period: < 30 days)
3. Adverse events (follow-up period: < 30 days)

Notes

Location: province of Kampangphet, northern Thailand; JE endemic
Development and/or production site of JE vaccine: The Japanese Research Foundation for Microbial Diseases

(BIKEN)

Hsu 1971

Methods

Randomized controlled trial (4 groups)

Generation of allocation sequence: unclear

Allocation concealment: letter-coded group assignment

Blinding: participants (and parents), vaccine providers, and outcome assessors
Inclusion of randomized participants in analysis: number lost to follow up not stated

Participants

Number: 265,808 enrolled
Age and gender: 3 to 7 years, both genders
Previous exposure to Japanese encephalitis (JE) or flavivirus: not reported

Interventions

1. Vaccine: inactivated mouse brain-derived Nakayama strain (unpurified precursor); 1 x 1.0 mL
2. Vaccine: inactivated mouse brain-derived Nakayama strain (unpurified precursor); 2 x 1.0 mL
3. Placebo: tetanus toxoid vaccine; 1 x 1.0 mL
4. Placebo: tetanus toxoid vaccine; 2 x 1.0 mL
Dose interval: 7 to 10 days for Groups 2 and 4
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Hsu 1971  (Continued)

Outcomes 1. Clinical cases with laboratory confirmation (follow-up period: 2 years)
2. Adverse events (follow-up period: 24 h (1st dose) and 48 h (2nd dose))
Notes Location: counties of Miaoli, Hsinchu, Taoyuan, and Taipei, northern Taiwan; JE endemic
Development and/or production site of JE vaccine: The Japanese Association of Biological Products
Kuzuhara 2003
Methods Randomized controlled trial (2 groups)
Generation of allocation sequence: unclear
Allocation concealment: unclear
Blinding: unclear
Inclusion of randomized participants in analysis: 97% (2 lost to follow up)
Participants ~ Number: 60 enrolled
Age and gender: 20 to 35 years, male
Previous exposure to Japanese encephalitis (JE) or flavivirus: all JE seronegative at baseline
Interventions 1. Vaccine: inactivated Vero cell-derived Beijing-1 strain (Kaketsuken); 3 x 0.5 mL
2. Alternative vaccine: inactivated mouse brain-derived Beijing-1 strain (Kaketsuken); 3 x 0.5 mL
Dose interval for groups 1 and 2: 1 to 4 weeks and 4 to 8 weeks
Outcomes 1. Immunogenicity: detection of neutralizing antibodies (follow-up period: 2 to 4 weeks after last dose)
2. Adverse events (follow-up period: 3 days after each dose)
Notes Location: Japan
Liu 1997
Methods Cluster randomized controlled trial (2 groups)
Cluster randomization: health centres (units of randomization) were pair-matched based on neighbourhood and
number of children served by each centre
Generation of allocation sequence: drawing of lots (between pair matched units of randomization)
Allocation concealment: unclear
Blinding: outcome assessors and study analysts
Inclusion of randomized participants in analysis: 99.9% (22 lost to follow up)
Participants ~ Number: 26,239 enrolled
Age and gender: 1.9 years (average), both genders
Previous exposure to Japanese encephalitis (JE)/flavivirus: 45% received previous JE vaccination
Interventions 1. Vaccine: live-attenuated SA14-14-2 strain; 1 dose (volume not reported)
2. No intervention
Outcomes 1. Immunogenicity: detection of neutralizing antibodies (follow-up period: 2 years)

2. Adverse events (follow-up period: 30 days)
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Liu 1997  (Continued)

Notes Location: Chengdu, urban capital of the Sichuan province, China
Development and/or production site of JE vaccine: Chengdu Biological Products Institute, China
Lyons 2004
Methods Randomized controlled trial (4 groups)
Generation of allocation sequence: unclear
Allocation concealment: unclear
Blinding: no
Inclusion of randomized participants in analysis: 98.9% (1 lost to follow up)
Participants ~ Number: 94 enrolled
Age and gender: 18 to 49 years, both genders
Previous exposure to Japanese encephalitis (JE)/flavivirus: JE antibodies not detected
Interventions 1. Vaccine: inactivated SA14-14-2 strain (IC51 (JE-PIV)); 2 x 6 pg
2. Vaccine: inactivated SA14-14-2 strain (IC51 (JE-PIV)); 3x 6 pg
3. Vaccine: inactivated SA14-14-2 strain (IC51 (JE-PIV)); 2x 12 pg
4. Alternative vaccine: inactivated Nakayama vaccine (BIKEN); 3 x 1 mL
Dose intervals: 28 days for group 1 and 2; 14 days for group 3; and 7 and 28 days for group 4
Outcomes 1. Immunogenicity: detection of neutralizing antibodies (follow-up period: 24, 56, 365, and 730 days)
2. Adverse events (follow-up period: 30 days)
Notes Location: USA
Development and/or production site of JE vaccine: Walter Reed Army Institute of Research, VaccGen LLC and
Intercell AG, USA
Monath 2002b
Methods Randomized controlled trial (3 groups)
Generation of allocation sequence: computer-generated random plan
Allocation concealment: number-coded group assignment
Blinding: participant, study pharmacist (vaccine preparation), vaccine provider, outcome assessors, and all other
personnel
Inclusion of randomized participants in analysis: 100% (0 lost to follow up)
Participants ~ Number: 36 enrolled
Age and gender: 18 to 59 years, both genders
Previous exposure to Japanese encephalitis (JE)/flavivirus: 50% received previous yellow fever (YF) vaccination
Interventions 1. Vaccine: SA14-14-2/YF 17D chimera (ChimeriVax-JE); 1 x 4 log10 plaque-forming units (PFU)
2. Vaccine: SA14-14-2/YF 17D chimera (ChimeriVax-JE); 1 x 5 logl0 PFU
3. Placebo: YF 17D; 1 x 5 logl0 PFU
Outcomes 1. Immunogenicity: detection of neutralizing antibodies (follow-up period: 31 days)
2. Adverse events (follow-up period: 31 days)
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Monath 2002b  (Continued)

Notes Location: USA
Development and/or production site of JE vaccine: Acambis, USA

Monath 2003

Methods Randomized controlled trial (9 groups)
Generation of allocation sequence: unclear
Allocation concealment: unclear
Blinding: participant, vaccine provider, and outcome assessor
Inclusion of randomized participants in analysis: 99% (1 lost to follow up)

Participants ~ Number: 99 enrolled
Age and gender: 18 to 59 years, both genders
Previous exposure to Japanese encephalitis (JE) or flavivirus: all JE seronegative at baseline

Interventions 1. Vaccine: SA14-14-2/yellow fever (YF) 17D chimera (ChimeriVax-JE); 2 x 5.8 log10 plaque-forming units (PFU)
2. Vaccine: SA14-14-2/YF 17D chimera (ChimeriVax-JE); 2 x 4.8 log1l0 PFU
3. Vaccine: SA14-14-2/YF 17D chimera (ChimeriVax-JE); 2 x 3.8 logl0 PFU
4. Vaccine: SA14-14-2/YF 17D chimera (ChimeriVax-JE); 2 x 2.8 log10 PFU
5. Vaccine: SA14-14-2/YF 17D chimera (ChimeriVax-JE); 2 x 1.8 log10 PFU
6. Control: SA14-14-2/YF 17D chimera (ChimeriVax-JE) (day 0) + 1 x logl0 PFU YF 17D (placebo) (day 30); 1 x
4.8 logl0 PFU
7. Control: YF 17D (placebo) (day 0) + 1 x 4.8 logl0 PFU ChimeriVax-JE (day 0); 1 x log10 PFU
8. Control: 1 x unspecified placebo (day 0) + 1 x 4.8 logl0 PFU ChimeriVax-JE (day 30); 1 x logl0 PFU
9. Control: SA14-14-2/YF 17D chimera (ChimeriVax-JE) (day 0) + 1 x unspecified placebo (day 30); 1 x 4.8 log10
PFU
Dose interval of 30 days for groups 1 to 4

Outcomes 1. Immunogenicity: detection of neutralizing antibodies (follow-up period: 1 to 7, 14, 21, 44, and 60 days)
2. Adverse events (follow-up period: 31 days)

Notes Location: USA
Development and/or production site of JE vaccine: Acambis, USA

Rojanasuphot 1989

Methods Randomized controlled trial (4 groups)
Generation of allocation sequence: unclear
Allocation concealment: unclear
Blinding: participants and providers not blinded; unclear for outcome assessors and all other personnel
Inclusion of randomized participants in analysis: numbers lost to follow up not stated

Participants ~ Number: 1160 enrolled
Age and gender: 5 to 9 years, both genders
Previous exposure to Japanese encephalitis (JE) or flavivirus: some, but number not reported
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Rojanasuphot 1989

(Continued)

Interventions 1. Vaccine: inactivated mouse brain-derived Nakayama strain (Thailand); 2 x 1.0 mL
2. Vaccine: inactivated mouse brain-derived Nakayama strain (BIKEN); 2 x 1.0 mL
3. Vaccine: inactivated mouse brain-derived Beijing-1 strain (BIKEN); 2 x 0.5 mL

4. No intervention

Dose interval of 14 days for groups 1 to 3

Outcomes 1. Immunogenicity: detection of neutralizing antibodies (follow-up period: 30, 182, and 365 days)
2. Adverse events (follow-up period: 7 days (1st dose), 7 to 21 days (2nd dose))

Notes Location: province of Ratchaburi, central Thailand

Characteristics of excluded studies /[ordered by study ID]

Study Reason for exclusion

Ao 1983 Study evaluating the safety and immunogenicity at different dose-levels of live-attenuated SA14-14-2 vaccine
using 1-dose schedule with booster vaccination. SA14-14-2 compared with alternative vaccines; randomization
not reported

Bhau 1988 Non-randomized study assessing the immunogenicity of inactivated mouse brain-derived Nakayama vaccine;
no comparison to control group

Chen 1999 Non-randomized safety study comparing live-attenuated SA14-14-2 vaccine with an inactivated vaccine

Defraites 1999

Randomized safety and immunogenicity trial comparing different lots of inactivated mouse brain-derived
Nakayama vaccine (BIKEN); no comparison to placebo, control vaccine, or unvaccinated control group

Gowal 1995

Non-randomized study examining persistence of neutralizing antibodies in adults following vaccination with
inactivated Nakayama vaccine; no comparison to control group

Guo 1998

Study evaluating the safety and immunogenicity of unspecified live-attenuated vaccine (presumably SA14-
14-2) using a 1-dose schedule with booster compared to unspecified inactivated vaccine; randomization not
reported

Hanna 2005

Non-randomized study measuring the persistence of neutralizing antibodies following vaccination with inac-
tivated mouse brain-derived vaccine; no comparison to control group

Hazarika 1991

Non-randomized immunogenicity study of inactivated Nakayama vaccine following second and third dose
administration; no comparison to control group

Henderson 1984

Non-randomized study assessing the safety and immunogenicity of the inactivated Nakayama vaccine (BIKEN)
; no comparison to control group
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(Continued)

Intralawan 1993 Randomized controlled trial assessing the dose level and route of allocation (intradermally or subcutaneously)
for inactivated mouse brain-derived Nakayama vaccine (BIKEN) in adults; no comparison to unvaccinated
or placebo control group

Juang 1983 Non-randomized study assessing the level of neutralizing antibodies to Nakayama, JaGAr-01, and E-50 strains
following vaccination with inactivated Nakayama vaccine (2-dose schedule; no comparison to control group

Kanesa-thasan 2000 Randomized controlled trial assessing safety and immunogenicity of 2 discontinued vaccine candidates (NY-
VAC-JE and ALVAC-JE); excluded on the basis of low power (5 participants per subgroup) and lack of

prospective data due to discontinued investigations

Kitchener 2006 Randomized controlled trial assessing safety and immunogenicity of inactivated mouse brain-derived
Nakayama, comparing conventional subcutaneous vaccination to either single intradermal administration or
2 intradermal injections at 2 separate sites; no comparison to a placebo or unvaccinated control group

Ku 1994 Non-randomized study of immune response to each dose of inactivated mouse brain-derived Nakayama or
Beijing-1 vaccine administered in a 3-dose schedule; no comparison to a placebo or unvaccinated control

group

Lyons 2007 Randomized safety and immunogenicity study comparing different dose levels of inactivated JE-PIV vaccine
administered intramuscularly in a 2- or 3-dose schedule; no comparison to a placebo or unvaccinated control
group

Ma 1993 Non-randomized trial assessing the safety and immunogenicity of live-attenuated SA14-14-2; no comparison

to a control group

Ma 2003 Study investigating the safety and immunogenicity of a vaccine schedule combining inactivated vaccine (not
specified) with live-attenuated (not specified) booster; randomization of trial participants was unclear

Mohan 1993 Non-randomized trial assessing the safety and immunogenicity of inactivated Nakayama vaccine (BIKEN);
no comparison to control group

Nimmannitya 1995 Randomized study comparing the immunogenicity of alternative strain formulas of the inactivated mouse
brain-derived vaccine; no comparison to a control group

Nothdurft 1996 Non-randomized study of adverse events in receiving inactivated Nakayama vaccine (BIKEN); no comparison
to a control group

Poland 1990 Non-randomized study of safety and neutralizing antibody response to 2- and 3-dose regimens of the inactivated
Nakayama vaccine (BIKEN); no comparison to a control group

Rodrigues 1986 Study comparing the immune response to the Nakayama and P20778 strains following vaccination with
inactivated Nakayama vaccine (liquid or freeze-dried); randomization of participants was not reported and
there was no comparison to a control group

Sanchez 1990 Non-randomized study of safety and immunogenicity for the inactivated mouse brain-derived Nakayama
vaccine (BIKEN); no comparison to a control group
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Sohn 1999

Non-randomized study assessing the safety and immunogenicity of live-attenuated SA14-14-2 vaccine; no
comparison to a control group

Tsai 1998

Study of the live-attenuated SA14-14-2 vaccine comparing immune responses between different vaccine
dilutions and administration schedules; randomization of the different vaccine groups was not mentioned and
no control group was included

Tseng 1999

Study comparing immune response between simultaneous and sequential (6-week interval) administration
of measles-mumps-rubella and Japanese encephalitis; randomization between groups was uncertain and there
was no comparison to control group

Xin 1988

Study assessing the safety and immunogenicity of live-attenuated SA14-14-2 vaccine at different dose levels
in different age groups; randomization of participants was uncertain and there was no comparison to control

group

Yamada 1986

Non-randomized study investigating the immunogenicity and safety of inactivated vaccines comparing par-
ticipants with or without underlying disease; no comparison to placebo or unvaccinated control group

Zhou 1999

Non-randomized study assessing the effectiveness, safety and immunogenicity of live-attenuated SA14-14-2
vaccine; no comparison to control group

Characteristics of studies awaiting assessment /[ordered by study ID]

Acambis 2006

Methods

Participants

Interventions

Outcomes

Notes

Acambis 2007a

Methods

Participants

Interventions

Outcomes

Notes
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Grachev 1984

Methods -

Participants -

Interventions -

Outcomes -

Notes -

Ishikawa 2005

Methods -

Participants -

Interventions -

Outcomes -

Notes -

Sumarovkov 1983

Methods -

Participants -

Interventions -

Outcomes -

Notes -
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DATA AND ANALYSES

Comparison 1. Inactivated Nakayama vaccine (unpurified precursor) vs placebo

No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Disease prevention: Japanese 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
encephalitis cases by dose
schedule and year after
vaccination
1.1 One-dose schedule (first 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
year after vaccination)
1.2 One-dose schedule 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
(second year after vaccination)
1.3 One-dose schedule 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
(first and second year after
vaccination)
1.4 Two-dose schedule (first 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
year after vaccination)
1.5 Two-dose schedule 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
(second year after vaccination)
1.6 Two-dose schedule 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
(first and second year after
vaccination)
Comparison 2. Inactivated Nakayama and Nakayama + Beijing-1 vaccines vs placebo
No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Disease prevention: Japanese 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
encephalitis cases by year after
vaccination
1.1 Nakayama (licensed 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
formula): first year after
vaccination
1.2 Nakayama (licensed 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
formula): second year after
vaccination
1.3 Nakayama (licensed 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
formula): first and second year
after vaccination
1.4 Nakayama + Beijing-1 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

(experimental formula): first
year after vaccination
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1.5 Nakayama + Beijing-1 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
(experimental formula): second
year after vaccination
1.6 Nakayama + Beijing- 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
1 (experimental formula):
first and second year after
vaccination
Comparison 3. Inactivated Nakayama vaccine vs Nakayama + Beijing-1 vaccine
No. of No. of
Outcome or subgroup title studies participants Statistical method Effect size
1 Disease prevention: Japanese 1 Risk Ratio (M-H, Fixed, 95% CI) Totals not selected
encephalitis cases by year after
vaccination
1.1 First year after vaccination 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
1.2 Second year after 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]
vaccination
1.3 First and second year after 1 Risk Ratio (M-H, Fixed, 95% CI) 0.0 [0.0, 0.0]

vaccination
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Analysis I.1. Comparison | Inactivated Nakayama vaccine (unpurified precursor) vs placebo, Outcome |
Disease prevention: Japanese encephalitis cases by dose schedule and year after vaccination.

Review: Vaccines for preventing Japanese encephalitis

Risk Ratio
M-H Fixed,95% ClI

Comparison: | Inactivated Nakayama vaccine (unpurified precursor) vs placebo
Outcome: | Disease prevention: Japanese encephalitis cases by dose schedule and year after vaccination
Study or subgroup Vaccine Placebo Risk Ratio
n/N n/N M-H Fixed,95% Cl
| One-dose schedule (first year after vaccination)
Hsu 1971 2/22194 3/21699 7
2 One-dose schedule (second year after vaccination)
Hsu 1971 1122194 3/21699 T
3 One-dose schedule (first and second year after vaccination)
Hsu 1971 3/22194 6/21699 7
4 Two-dose schedule (first year after vaccination)
Hsu 1971 4111749 217110166
5 Two-dose schedule (second year after vaccination)
Hsu 1971 71111749 17/110166
6 Two-dose schedule (first and second year after vaccination)
Hsu 1971 L1/111749 38/110166 -

065[0.11,390]

0337003 3.13]

049[0.12, 195 ]

0.19 [ 006,055 ]

0417[0.17,098]

029[0.15,056]

0.0l 0.1

Favours vaccine

| 10 100

Favours placebo
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Analysis 2.1. Comparison 2 Inactivated Nakayama and Nakayama + Beijing-1 vaccines vs placebo, Outcome

| Disease prevention: Japanese encephalitis cases by year after vaccination.

Review: Vaccines for preventing Japanese encephalitis

Comparison: 2 Inactivated Nakayama and Nakayama + Beijing-1 vaccines vs placebo

Outcome: | Disease prevention: Japanese encephalitis cases by year after vaccination
Study or subgroup Vaccine Placebo Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% Cl M-H Fixed,95% Cl

| Nakayama (licensed formula): first year after vaccination

Hoke 1988 0/21628 9121516 0.05[0.00,0.90]
2 Nakayama (licensed formula): second year after vaccination

Hoke 1988 121628 221516 I 0501005, 549 ]
3 Nakayama (licensed formula): first and second year after vaccination

Hoke 1988 1121628 11721516 009[001,070]
4 Nakayama + Beijing-| (experimental formula): first year after vaccination

Hoke 1988 122080 9121516 0.117001,085]
5 Nakayama + Beijing-| (experimental formula): second year after vaccination

Hoke 1988 0/22080 2721516 R 0.19 7001, 4.06]
6 Nakayama + Beijing-| (experimental formula): first and second year after vaccination

Hoke 1988 122080 11721516 009 [001,069]

0.001 001 0. | 10100 1000

Favours vaccine

Favours placebo
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Analysis 3.1.

Disease prevention: Japanese encephalitis cases by year after vaccination.

Review: Vaccines for preventing Japanese encephalitis

Comparison:

Outcome:

3 Inactivated Nakayama vaccine vs Nakayama + Beijing-1 vaccine

| Disease prevention: Japanese encephalitis cases by year after vaccination

Comparison 3 Inactivated Nakayama vaccine vs Nakayama + Beijing-1 vaccine, Outcome |

Nakayama
Study or subgroup Nakayama + Beijing-| Risk Ratio Risk Ratio
n/N n/N M-H Fixed,95% CI M-H Fixed,95% Cl

| First year after vaccination

Hoke 1988 0/21628 11220801 340[0.14,8353]
2 Second year after vaccination

Hoke 1988 1121628 0/22080 306[0.12,75.18]
3 First and second year after vaccination

Hoke 1988 1121628 122080 - 1.02 [ 0.06, 1632 ]

0.0l 0.1 | 10 100

APPENDICES

Favours Nakayama

Appendix |. Identified Japanese encephalitis vaccines

Favours Nakayama + B

Vaccine type  Strain Source Type ofuse  Primary pro- Licensure Nominations Primary com-
duction pany
In use
Inactivated Nakayama Mouse brain ~ Child- Japan and sev- International  JE-VAX/ BIKEN (Dis-
hood and trav- eral Asian JEVAC tri-
ellers vaccina- countries bution: Sanofi
tion Pasteur)
Beijing-1 Mouse brain  Childhood Japan and sev- International  JE-VAX/ BIKEN
vaccination eral Asian JEVAC
countries
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(Continued)

Beijing-3 Primary ham- Childhood China China P-3 =
ster  kidney vaccination
cells
Live- SA14-14-2 Primary ham- Childhood China  (Re- China, Re- SA14-14-2 Chengdu  Bi-
attenuated ster  kidney vaccination public of Ko- public of Ko- ological Prod-
cells rea) rea, Nepal, Sri ucts/Glovax
Lanka
Candidates
Inactivated SA14-14-2 Vero cell cul- In clinical tri- USA N/A IC51 (JE-  Vacc-
ture als PIV) Gen, WRAIR,
InterCell
Beijing-1 Vero cell cul- In clinical tri- Japan N/A = BIKEN,
ture als KAKET-
SUKEN
Genetically SA14-14-2 Vero cell cul- In clinical tri- USA N/A ChimeriVax-  Acambis (Dis-
engineered and YF 17D ture als JE tribution:
Sanofi Pasteur
and  Bharat
Biotech Inter-
national Lim-
ited)
Nakayama Chick embryo Development USA N/A NYVAC/ WRAIR
and pox virus  fibroblasts discontinued ALVAC

BIKEN: the Japanese Research Foundation for Microbial Diseases; KAKETSUKEN: The Chemo-Sero-Therapeutic Research Institute;

WRAIR: Walter Reed Army Institute of Research.

Appendix 2. Search methods: detailed search strategies

Search set  CIDG SR* CENTRAL MEDLINE’ EMBASE’ LILACS® BIOSIS”
1 Japanese Japanese Japanese Japanese Japanese Japanese
encephalitis encephalitis encephalitis encephalitis encephalitis encephalitis
2 vaccin® JE ENCEPHALI- JE vaccin® vaccin®
TIS, JAPANESE
3 1 and 2 1 and 2 JE lor2 lor2 lor2
4 - vaccin* lor2or3 lor2or3 - -
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(Continued)

5 - 3 and 4 vaccin* 3 AND 4 = =
6 - - 4and 5 JAPANESE-EN- - -
CEPHALITIS-
VACCINE
7 - - JAPANESE EN- 5OR6 - -
CEPHALITIS
VACCINES
8 - - 60OR7 Limit 7 to human - -
9 - - Limit 7 to human - = =

4Cochrane Infectious Diseases Group Specialized Register.

bSearch terms used in combination with the search strategy for retrieving trials developed by The Cochrane Collaboration (Higgins
2006; upper case: MeSH or EMTREE heading; lower case: free text term.

Appendix 3. Risk of bias assessment*

Trial

Allocation sequence

generation

Allocation concealment

Blinding

Inclusion”

Hsu 1971

Unclear

Adequate

Participants (and parents)
, vaccine providers, and
outcome assessors

Not described

Hoke 1988

Inadequate

Adequate

Partic-
ipants, vaccine providers,
and outcome assessors

Not described

Rojanasuphot 1989

Unclear

Unclear

Participants and providers
not blinded; unclear for
outcome assessors

Not described

Liu 1997

Adequate

Unclear

Outcome assessors and
study analysts

Adequate

Monath 2002b

Adequate

Adequate

Participant, study phar-
macist (vaccine prepara-
tion), vaccine provider,
outcome assessors, and all
other personnel

Adequate

Monath 2003

Unclear

Unclear

Par-
ticipant, vaccine provider,
and outcome assessors

Adequate
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Kuzuhara 2003 Unclear Unclear Unclear Adequate
Lyons 2004 Unclear Unclear None blinded Adequate
4See ’Characteristics of included studies’ for details.
bInclusion of randomized participants in analysis.
Appendix 4. Immunogenicity
Trial Interven- Vaccine Challenge  Seroconver- Seroconver- Seroconver- Seroconver- Notes
tion strain strain sion sion sion sion
Hoke 1988 - - - DAY 30 - - - Test
method:
PRNT, cell
line not re-
ported
Inactivated ~ Nakayama  Nakayama  96% - - - Pre-trial
Nakayama JE seroposi-
(BIKEN) tive; number
of tested not
reported
- - Nakayama  46% - - - Pre-trial
JE seronega-
tive; number
of tested not
reported
- - Beijing-1 83% - - - Pre-trial
JE seronega-
tive; number
of tested not
reported
Inactivated ~ Nakayama + Nakayama  Not - - - -
Nakayama + Beijing-1 reported
Beijing-1
(BIKEN)
- - Beijing-1 85% - - - Pre-trial

JE seronega-
tive; number
of tested not
reported
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Tetanus tox- Not Not Not - - -
oid reported reported reported
(placebo)
Rojana- - - - DAY 30 DAY 365 - Test
suphot method:
1989 50% PRNT
in LLC-
KK2  cells
(1:10 cut-off
titre)
Inactivated ~ Nakayama  Nakayama  99.4% 94.3% 280/ - Pre-trial JE
Nakayama (318/320) 297) seronegative
(Thailand)
Inactivated ~ Nakayama  Nakayama  97.0% 78.8% - Pre-trial JE
Nakayama (319/329) (245/311) seronegative
(BIKEN)
Inactivated ~ Beijing-1 Nakayama  79.9% (47/ 55.2% (32/ - Pre-trial JE
Beijing-1 59) 56) seronegative
(BIKEN)
- - Beijing-1 94.4% (51/ 92.2% (47/ - Pre-trial JE
54) 51) seronegative
No N/A Nakayama  2.5%  (3/ 6.6% (7/ - Pre-trial JE
intervention 118) 106) seronegative
(control)
= = Beijing-1 3.3% (2/61) 8.8% (5/57) - Pre-trial JE
seronegative
Monath - - - DAY 31 - - Test
2002b method:
50% PRNT
in LLC-
KK2  cells
(1:10 cut-off
titre)
SA14-14-2/ SA14-14-2/ 100% (12/ - -
ChimeriVax- YF 17D YF 17D 12) ChimeriVax-
JE: 4 logl0 JE: 4 logl0
PFU PFU: 6/12
participants
seropositive
for YF
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- - Beijing-1 75% (9/12) -
- = P3 100% (12/ -
12)
- = Nakayama  25% (3/12) =
SA14-14-2/ SA14-14-2/ 100% (12/
ChimeriVax- YF 17D YF 17D 12) ChimeriVax-
JE: 5 logl0 JE: 5 logl0
PFU PFU: 6/12
participants
seropositive
for YF
- - Beijing-1 91.7% (11/ -
12)
- = P3 91.7% (11/ -
12)
= Nakayama 58.3% (7/ =
12)
YF 17D YF 17D SA14-14-2/ 41.7% (5/ YF 17D
(placebo) YF 17D 12) (placebo): 6/
12
participants
seropositive
for YF
= = Beijing-1 8.3% (1/12) =
- - P3 33.3% (4/ -
12)
- = Nakayama 0% (0/12) =
Monath - - - DAY 30 Test
2003 method:
50% PRNT
in LLC-
KK2  cells
(1:10 cut-off
titre)
SA14-14-2/ SA14-14-2/ 98.9% (86/
ChimeriVax- YF 17D YF 17D 87) ChimeriVax-
JE (1.8 to
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5.8 logl0 chimera JE (1.8 to
PFU) 5.8 logl0
PFU): data
compiled
for vaccine
groups
receiving
between 1.
8 and 5.8
log10 PFU
- ; Beijing-1  89.7% (78/ - - -
87)
- - Nakayama  85.1% (74/ - - -
87)
YE 17D YF17D SA14-14-2/ 9% (1/11) - - ;
(placebo) YF 17D
; ; Beijing-1 9% (1/11) - - ;
- - Nakayama 0% (0/11) - - -
Unspecified Not SA14-14-2/ 0% (0/11) - - -
placebo reported YF 17D
- - Beijing-1 0% (0/11) - - -
- - Nakayama 0% (0/11) - - -
Kuzuhara - - - BETWEEN BETWEEN BETWEEN Test
2003 DAY 7 DAY 28 DAY 42 method:
AND 28 AND 56 AND 84 50% PRNT
in Vero cells
(1:10 cut-off
titre)
Inactivated ~ Beljing-1 Beijing-1 96.7% (29/ 100% (30/ 100% (30/ =
Vero cell-de- 30) 30) 30)
rived  Bei-
jing-1 strain
(Kaket-
suken): 3 x
0.5 mL
Inacti- Beijing-1  Beijing-1  92.9% (26/ 100% (28/ 100% (28/ ;

vated mouse
brain-

28)

28)

28)
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derived Bei-
jing-1 strain

(Kaket-
suken): 3 x
0.5 mL
Lyons 2004 - = = DAY 28 DAY 56 DAY 365 DAY 730 Test
method:
PRNT un-
specified
(1:10 cut-off
titre)
IC51 (JE- SAI4-14-2 Not 77.2% (17/ 95.5% (21/ 100% (11/ 87.5% (7/8) -
PIV): 2 x 6 reported 22) 22) 11)
ng
IC51 (JE- SAl4-142 Not 95.7% (22/ 100% (23/ 100% (16/ 83.3% (5/6) -
PIV): 3 x 6 reported 23) 23) 16)
ng
IC51 (JE- SA14-14-2 Not 95.7% (22/ 100% (23/ 100% (11/ 100% (2/2)
PIV):2x 12 reported 23) 23) 11)
ng
Inactivated ~ Nakayama  Not 84.2% (16/ 73.7% (14/ 54.5% (6/ 68.7% (4/6) -
Nakayama reported 19) 19) 11)
(BIKEN)
(control): 3
x 1 mL
JE: Japanese encephalitis; PRNT: plaque reduction neutralization test; YF: yellow fever.
Appendix 5. Adverse events
Trial and Type of event Vaccine n/N Control n/N Time of fol- RR (95% CI) Event Notes
comparison (rate %) (rate %) low up description
Hsu 1971: in- Mild 29/728 (3.9) 22/648 (3.4) 24and 48 h = Injec- =
activated tion site: red-
Nakayama ness, swelling,
(precur- eruption

sor) vs tetanus
toxoid vaccine

(placebo)®
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Moderate 3/728 (0.4) 5/648 (0.8) 24 and 48 h Fever, =
diarrhoea
Serious 0/728 (0.0) 0/648 (0.0) 24 and 48 h = =
Hoke 1988: Mild See Notes - Within 30 Injection Mild  events
inactivated days site: Sore arm,  re-
Nakayama swelling, rash  ported as less
(BIKEN) vs than 1% and
tetanus as non-signifi-
toxoid vaccine cant
(placebo)”
Moderate 14/488 (2.9)  4/490 (0.8) Within 30 Fever =
days
Serious 0/488 (0.0) 0/490 (0.0) Within 30 - -
days
Hoke 1988: Mild See Notes - Within 30 Injection Mild events
inactivated days site: sore arm, re-
Nakayama + swelling, rash ~ ported as less
Beijing- than 1% and
1 (BIKEN) vs as non-signifi-
tetanus cant
toxoid vaccine
(placebo)* Moderate 9/539 (1.7) 4/490 (0.8) Within 30 Fever -
days
Serious 0/539 (0.0) 0/490 (0.0) Within 30 - -
days
Rojanasuphot  Mild 13/457 (2.8)  0/161 (0.0) 7 days (dose 1) Sore arm Sum of
1989: inacti- , 7 to 21 days mild events af-
vated (dose 2) ter doses 1 and
Nakayama 2
(Thai-
land) vs no in- Moderate 16/457 (3.5)  1/161 (0.6) 7 days (dose 1) Fever, Sum of mod-
ERECEn , 7 to 21 days headache, erate events af-
(dose 2) nausea ter doses 1 and
2
Serious 0/457 (0.0) 0/161 (0.0) 7 days (dose 1) = =
, 7 to 21 days
(dose 2)
Rojanasuphot  Mild 11/448 (2.5)  0/161 (0.0) 7 days (dose 1) Sore arm Sum of
1989: inacti- , 7 to 21 days mild events af-
vated (dose 2) ter doses 1 and

Nakayama
(BIKEN)

2
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Vs no interven-

tion
Moderate 16/448 (3.6)  1/161 (0.6) 7 days (dose 1) - Fever, Sum of mod-
, 7 to 21 days headache, erate events af-
(dose 2) nausea ter doses 1 and
2
Serious 0/448 (0.0) 0/161 (0.0) 7 days (dose 1) - = =
, 7 to 21 days
(dose 2)
Rojanasuphot  Mild 1/90 (1.1) 0/161 (0.0) 7 days (dose 1) - Sore arm Sum of
1989: inacti- , 7 to 21 days mild events af-
vated Beijing- (dose 2) ter doses 1 and
1 (BIKEN) vs 2
no
intervention ~ Moderate 5/90 (5.6) 1/161 (0.6) 7 days (dose 1) - Fever, Sum of mod-
, 7 to 21 days headache, erate events af-
(dose 2) nausea ter doses 1 and
2
Serious 0/90 (0.0) 0/161 (0.0) 7 days (dose 1) - - -
, 7 to 21 days
(dose 2)
Liu 1997: Mild 2/266 (0.8) Not reported 30 days N/A Injection Mild  events
|Live-attenu- site: hives, an- reported
ated SA14-14- gioedema, for subgroup
2 vs no inter- tenderness of trial partic-
vention ipants; selec-
tion method
of subgroup is
unclear
Moderate 43/266 (16.1) Not reported 30 days N/A Rash, vomit- Mod-
ing, cough, ir- erate events re-
ritability ported
for subgroup
of trial partic-
ipants; selec-
tion method
of subgroup is
unclear
357/13,266 442/12,951 30 days 0.79 (0.56 to Fever Calculation of
2.7) (3.4) 1.11) RR and 95%

CI  adjusted

for clustering
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by health cen-
tre (conducted
by trial au-
thors)

12/13,266 (0. 11/12,951 (0. 30 days 1.06 (0.46 to Diarrhoea =
1) 1) 2.49)
Serious 82/13,266 (0. 114/12,951 30 days 0.70 (0.43 to Hospital Rea-
6) (0.9) 1.15) admission son for hospi-
tal admission
not stated
= 14/13,266 (0. 15/12,951 (0. 30 days 0.91 (0.37 to Seizure =
1) 1) 2.22)
Monath Mild 4/24 (16.7) 8/12 (66.7) 31 days - Injection site: -
2002b: erythema and
ChimeriVax- pain
JE vs yel-
low fever vac- Moderate 2/24 (8.3) 0/12 (0.0) 31 days = Fever =
cine YF 17D
(placebo)” 7124 (29.2) 2/12 (16.7) 31 days - Headache =
4/24 (16.7) 0/12 (0.0) 31 days - Myalgia =
5/24 (20.8) 0/12 (0.0) 31 days - Diarrhoea -
Monath 2003: Mild 3/55 (5.4) 2/11 (18.2) 30 days = Injection site -
ChimeriVax- bruising
JE vs unspeci-
fied placebo® 10/55 (18.2)  2/11 (18.2) 30 days = Injection site -
erythema
7155 (12.7) 2/11 (18.2) 30 days - Injection site -
pain
2/55 (3.6) 0/11 (0.0) 30 days - Injection site -
oedema
Moderate 6/55 (10.9) 2/11 (18.2) 30 days = Skin (suppos- -
edly rash)
8/55 (14.5) 0/11(0.0) 30 days - Fever =
28/55 (50.9)  5/11 (45.5) 30 days- = Headache =
13/55 (23.6)  3/11 (27.3) 30 days - Myalgia =
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7155 (12.7) 1/11 (9.1) 30 days Diarrhoea
Monath 2003: Mild 3/55 (5.5) 0/11 (0.0) 30 days Injection  site
ChimeriVax- bruising
JE vs Yel-
low fever vac- 10/55 (18.2)  7/11 (63.6) 30 days Injection site
cine YF 17D erythema
(placebo)®
7155 (12.7) 5/11 (45.5) 30 days Injection  site
pain
2/55 (3.6) 0/11 (0.0) 30 days Injection  site
oedema
Moderate 6/55 (10.9) 4/11 (36.4) 30 days Skin (suppos-
edly rash)
8/55 (14.5) 1/11 (9.1) 30 days Fever
28/55 (50.9)  6/11 (54.5) 30 days Headache
13/55 (23.6)  3/11 (27.3) 30 days Myalgia
7155 (12.7) 3/11 (27.3) 30 days Diarrhoea
Kuzuhara Mild 2/30 (6.7) 4/30 (13.3) 3 days Injection  site
2003: ilnacti- reaction
vated
Vero cell-de- Moderate 1/30 (3.3) 0/30 (0.0) 3 days Urticaria
rived Beijing-
1 0/30 (0.0) 1/30 (3.3) 3 days Headache
strain (Kaket-
suken) vs inac- 1/30 (3.3) 1/30 (3.3) 3 days Malaise
tivated mouse
brain-derived 0/30 (0.0) 1/30 (3.3) 3 days Pain in phar-
Beijing-1 ynx
strain (Kaket-
suken) 0/30 (0.0) 1/30 (3.3) 3 days Nasal
discharge
0/30 (0.0) 1/30 (3.3) 3 days Acute
gastroenteritis
Lyons Mild 61/73 (83.6)  12/21 (57.1)  Not reported Injection  site:
2004: inacti- sore arm
vated IC51
(JE-PIV)

vs inactivated
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Nakayama
(BIKEN)?

11/73 (15.1)  7/21 (33.3) Not reported Injection  site:
swelling
11/73 (15.1)  6/21 (28.6) Not reported Injection  site:
redness
Moderate 12/73 (16.4)  1/21 (4.8) Not reported Fever
40/73 (54.8)  12/21 (57.1)  Not reported Headache
33/73 (45.2)  9/21 (42.9) Not reported Myalgia

@All events reported for subgroup of trial participants; selection method of subgroup unclear.

bSum of events for 2 dose levels.

“Sum of events for 5 dose levels.

4Sum of events for 3 vaccine schedules.

Appendix 6. Case-control studies: live-attenuated SA14-14-2 & inactivated Beijing-3 vaccines

Study Details Vaccination Cases (%) Controls Reported 95% CI Reported 95% CI
details status (%) OR efficacy
Luo 1994 Vaccine: in- None - - . - , -

ac-
tivated Bei-
jing-3 (P3)
Location:
Gus County,
Hen

an Province,
China (en-
demic

JE transmis-
sion)

Study
conducted 2
to 6 months
follow-

ing admin-
istration of
the last an-
nual booster

Cases: 50
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chil-

dren ages 6
months

to 10 years
with
serologically
confirmed
JE infection
Controls:
100 children
matched for
neighbour-
hood,
gender, and
age (within
1 year)
Confound-
ing

factors: ad-
justment for
bed-net im-
pregna-
tion, hous-
ing, income,
and parental
education
Complete
vaccination:
2 primary
doses + an-
nual booster
Partial vac-
cination: in-
complete
primary
doses and/or
no annual

booster

Partial

39 (78)

44 (44) - . ]

Partial

7 (14)

26 (26) 0.32 0.08 tp 1.29 68%

-29% to
92%

Complete

4 (8)

30 (30) 0.22 0.06t0 0.84 78%

16% to 94%

Hennessy Vaccine:

1996 live-atten-
uated SA14-
142 (1 to
3 doses, an-
nual admin-
istration)
Location:
Sichuan
Province,

None

38(68)

615 (47) = = =
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China (en-
demic

JE transmis-
sion)

Cases:

56 children
ages

less than 15
years of age
with
serologically
confirmed
JE infection

Con-

trols: 1299 1_dose 11 (20) 332 (26)
children

80%

44% to 93%

matched for 9_jose 6 (11) 308 (24) -

village, gen-

97.5%

86% to 99.
6%

der, and age

(born same 3-dose 12 44 (3) =
year)

Insufficient
data

Bista 2001 Vaccine: None 20 (100) 231 (41.5) -
live-atten-
uated SA14-
14-2 (single
dose)
Location:
Bardiya and
Banke dis-
tricts, Nepal
Study con-
ducted
within 7 to
28 days of
vaccination
programme
Cases:

20 children
ages 1 to 15
years with
serologically
confirmed

JE infection
Controls:

557 children
matched for

neighbour-
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hood,
gender, and

o
age (within ) 4 0 (0) 326 (58.5)  0.007
1 year)

0.0051 to 0. 99.3%
000

94.9% to
100%

Ohrr 2005  Vaccine: None 34 (97.1) 196 (45.6) o
live-at-
tenuated
SA14-14-2
(single dose)
Location:
Bardiya
and Banke
districts,
Nepal Study
conducted
1 year after
vaccination
programme
Cases: 35
children
ages 2 to 16
years with
serologically
confirmed
JE infection
Controls:
430 children
matched
for neigh-

bourhood,
gender, and 1 dose 1(2.9) 234 (54.4) 0.0155
age (within

1 year)

0.0004 to 0. 98.5%
0986

1%
2%
90%)

to 99.
(CI

CI: confidence interval; JE: Japanese encephalitis; OR: odds ratio.

WHAT’S NEW

Date Event Description

14 October 2008 Amended Converted to new review format with minor editing.
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